Rayleigh waves in a half-space exhibiting microplar transversely isotropic generalized thermoelastic properties based on the Lord-Shulman (L-S), Green and Lindsay (G-L) and Coupled thermoelasticty (C-T) theories are discussed. The phase velocity and attenuation coefficient in the previous three different theories have been obtained. A comparison is carried out of the phase velocity, attenuation coefficient and specific loss as calculated from the different theories of generalized thermoelasticity along with the comparison of anisotropy. The amplitudes of displacements, microrotation, stresses and temperature distribution were also obtained. The results obtained and the conclusions drawn are discussed numerically and illustrated graphically. Relevant results of previous investigations are deduced as special cases.
Introduction
Classical mechanics deals with the basic assumption that the effect of the microstructure of a material is not essential for describing its mechanical behavior. Such an approximation has been shown in many well-known cases. Often, however, discrepancies between the classical theory and experiments are observed, indicating that the microstructure might be important. For example, discrepancies have been found in the stress concentrations in the areas of holes, notches and cracks; elastic vibrations characterized by a high frequency and small wavelengths, particularly in granular composites consisting of stiff inclusions embedded in a weaker matrix, fibers or grains; and the mechanical behavior of complex fluids such as liquid crystals, polymeric suspensions, and animal blood. In general, granular composites, for example porous materials, are widely used in the area of passive noise control as sound absorbers and the effect of acoustical waves characterized by high frequencies and small wavelengths become significant.
To explain the fundamental departure of microcontinuum theories from the classical continuum theories, a continuum model with microstructures to describe the microscopic motion or a non local model to describe the long range material interaction is developed. This theory extends the application of the continuum model to microscopic space and short-time scales. The micromorphic theory (Suhubi and Eringen, 1964; Eringen, 1999 ) treats a material body as a continuous collection of a large number of deformable particles, with each particle possessing a finite size and inner structure. Using assumptions such as infinitesimal deformation and slow motion, the micromorphic theory can be reduced to Mindlin's microstructure theory (1964) . When the microstructure of the material is considered rigid, it becomes the micropolar theory (Eringen, 1966 ).
Eringen's micropolar theory is more appropriate for geological materials like rocks, soils since, this theory takes into account the intrinsic rotation and predicts the behavior of a material with inner structure. Different researchers discussed different type of problems in a transversely isotropic elastic material. Abubakar (1962) discussed free vibrations of a transversely isotropic plate. Keck et al. (1971) derived the frequency equation for the propagation of train of a nontorsional axisymmetric harmonic wave in infinitely long shells, made of three concentric cylinders of different transversely isotropic materials. Shuvalov et al. R.R.Gupta (1974) described the long wavelength onset of the fundamental branches for a free anisotropic plate with an arbitrary through plate variation of material properties. Payton in 1991 studied wave propagation in a restricted transversely isotropic elastic solid whose surface contains conical points. However, no attempt has been made to study the wave propagation in a micropolar transversely isotropic medium.
The aim of the present study is to improve our knowledge about the propagation of waves in a micropolar transversely isotopic layer. This study has many applications in various fields of science and technology, namely, atomic physics, industrial engineering, thermal power plants, submarine structures, pressure vessel, aerospace, chemical pipes and metallurgy. After developing the solution, frequency equations connecting the phase velocity with the wave number, for symmetric and skew-symmetric wave modes are derived. The amplitude ratios of displacements and microrotation are also obtained. The dispersion curves, attenuation coefficients, amplitude ratio of displacements and microrotation for symmetric and skew-symmetric waves are presented and illustrated graphically to evince the effect of anisotropy. Following Eringen (1999) , the constitutive relations and balance laws in a general micropolar anisotropic medium possessing the center of symmetry, in the absence of body forces, body couples, are given by
Basic equations
The deformation and wryness tensor are defined by , ,
The list of symbols is given in the nomenclature.
Problem formulation and solution
We have used appropriate transformations following Slaughter (2002) , on the set of Eq.(2.1) to derive equations for a micropolar generalized thermoelastic transversely isotopic medium and restricted our analysis to the two dimensional problem.
We consider a homogeneous, micropolar generalized thermoelastic transversely isotropic half-space initially in an undeformed state and at uniform temperature 0 T . We take the origin of the coordinate system on the top plane surface and the 3 x axis pointing normally into the half-space, which is thus represented by 3 x 0  . We choose the 1 x -axis along the direction of wave propagation so that all particles on a line parallel to the 2 x -axis are evenly displaced. Therefore, all the field quantities will be independent of the 2 x coordinate. Further, the disturbance is assumed to be confined to the neighborhood of the free surface and hence vanishes as 3 x   . So, we assume the components of the displacement and microrotation vector of the form
Thus, the field equations reduce to   
and we have used the notations , , , , 11 1 33 3 12 7 13 6 23 5      for the material constants.
For the Lord and Shulman (L-S) theory we take , 
Normal mode analysis and solution of the problem
We assume the solution for representing propagating waves in the plane of the form
where  is the wave number, c    is the angular frequency and c is the phase velocity of the wave, m is the unknown parameter which signifies the penetration depth of the wave, , ,
are respectively, the amplitude ratios of the displacement 3 u , microrotation 2  and temperature distribution to that of the displacement 1 u . With the help of Eqs (3.7) and (3.8), field Eqs (3.2)-(3.5) are reduced to (after suppressing primes) The complex coefficients in Eq.(4.3) implies that four roots, j q , (j=1,2,3,4) of this equation may be complex. The complex phase velocities of the quasi-waves, will be varying with the direction of phase propagation. Therefore, the three waves propagating in such a medium are attenuating waves. These waves are called quasi-waves because polarisations may not be along the dynamic axis. Analogous to the propagation in a micropolar isotropic thermoelastic medium, these coupled waves may be called quasilongitudinal displacement (QLD) waves, quasi-transverse microrotational (QCTM) waves, quasi-transverse displacement (QCTD) waves and quasi-thermal waves (QCT) that are propagating with the descending phase velocities respectively.
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Boundary condition
The surface 3 x 0  of the half-space is assumed to satisfy the following boundary conditions
where h 0  is the surface heat transfer coefficient; h 0  corresponds to thermally insulated boundaries and h   refers to isothermal boundaries.
(5.1)
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Rayleigh wave equation
To obtain the solution for surface waves, it is essential that motion is confined to the free surface 
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Numerical results and discussion
In order to illustrate the theoretical results obtained in the preceding sections, we now present some numerical results. For numerical computations, we take the values for relevant parameters for the micropolar transversely isotropic thermoelastic solid as . , , . ,
. Figures 1-2 show the variation of phase velocity and specific loss with the wave number and Figs 3-9 show the variation of stresses, displacements, microrotation and temperature distribution with respect to distance.
It follows from Fig.1 that the variation of phase velocity for both MTIS and MIS decreases sharply and then attains a constant value with an increase in the wave number. Figure 2 presents that the value of specific loss initially oscillates within the interval (0, 2) and then becomes constant with the wave number for both MTIS and MIS. Figures 3 and 4 show that the value of normal stress and tangential stress increases sharply within the interval (0, 2) and then decreases to become constant at the end. The variations for all the 3 theories are similar with a slight difference in their amplitude. It follows from Fig.5 that the value of tangential couple stress initially goes on increasing with an increase in the distance up to a value 6 of distance, but after that it decreases with a further increase in the distance, when the wave number is .25. However, as the value of the wave number gets increased, the value of tangential couple stress initially oscillates and then decreases. Figures 6-9 depict the variations of amplitudes and displacement, microrotation and temperature distribution with distance. It is illustrated in these figures that the value of displacements and microrotation go on decreasing as the distance from the surface increases. This variation pattern is physically admissible since the characteristics of Rayleigh waves are that the amplitude of the wave decreases rapidly with the depth. The rate of the decrease depends on the wavelength. Figure 9 shows that the value of temperature distribution initially increases at a depth of 5 units from the surface and then goes on decreasing with an increase in the distance. The value of displacements and microrotation gets decreased with an increase in the wave number. The variation pattern for all the three theories of thermoelasticity varies in the same manner with a slight difference in magnitude. 
Conclusions
The propagation of waves in a micropolar transversely isotropic medium possessing thermoelastic properties based on the Lord-Shulman (L-S), Green and Lindsay (G-L) and coupled thermoelasticty (C-T) theories are discussed. After developing the solution, the frequency equation for the propagation of Rayleigh waves has been derived. The expressions for amplitudes of stresses, displacements, microratation and 
